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We have developed a tmilamdtar phospholiptd v,~iele system which contmm the N-iormyl peptide receptor and GTP 
binding proteira. Several detergents were investigated but only two, oet,yt glueoside (35 raM) and deoxyclmlate (7 5 
raM), were capable of extracting N-formyl peptide receptor from nentroplnl membranes m a form which remained 
functionally active trpon reconstitutton imo phosphohp~d vesicles. Extracted protems were mmnsfiluted mto phosphati- 
dytclmline vesicles by passage over a Sephade~ G-f~0-80 column The recoamtuted ftr  ff[pelaiae receptor could bind 
[SHIFMLP (3H.lalbeled fN'l[et.Le~Phe) and [ml lFMLPL-SASD (12~l-labeled N-formylmmthionylleueyll~tenylalanyl- 
N~.(2.(p-azidesalleylmuldo)ethyl-l,3'-dithlola'optonyl)lysme) wtale the endogenous G protein could I~nd 13sSIGTP~,S. 
Furthermore, the functieml i n t e ~  of the two woteins was lm~.rved Addition of the nonhydrolyznble guanine 
nmleothle, GTPyS,  shifted the N . fomyl  peptide receptor from a high. to a Iow.aWmity bindm~ state for ligand, The 
develolanent of this in vitro reconstitutlon system should provide a basts to study the mechanism of maeractioa of the 
N-formyl peptule receptor and the G protein. 

Introdectton 

The N-formyl pepude receptor brads cbemotacttc 
pepUdes secreted by foreign pathogens leading to dt- 
~ected mtgratton and stunulatton of the Im~robmocldal 
fttt~ttons of human leukocytes The receptor has been 
partaally purified and characterized [1-3] It 3s an m- 
tegral membrane gly~protem of appro~amately 50-70 
kDa Treatment of the receptor vath endo-/~-N- 
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acetylglucosammadase (cede F) resul~ m the removal 
of two N-hnked ohgosaccharlde c h a t s  producmg a 
protem of 33 kDa [4] The r~eptor  has been shown to 
po~es$ a two-affmity bmdmg state for hgand whte.h 
appears to be modulated by a G protmn (guanme 
nucleotadc bmdmg protcm) W h ~  the (3 protem is 
assoetated wtth the receptor, a htgh-affimty state for the 
hgand extsts Dtssoctatton of the receptor-G protem 
complex by 8uanme nucleottdes induces the low-afhmty 
btadmg Stale [5,6] 

Many receptors arc coupled wtth G protems which 
act m th~ signet transdueuon of hornmne bmdmg to the 
mtenor  Qf the cell (for recent rewews se6 Refs 7-9) G 
protems are heterommers compo~d of 0t-, #-, and 
T-subdmts The fl- and y-subm'ats arc closely assocmted 
and may partactpate m a n c h o m g  the 8ubumt to the 
plasma membrane The a-subumt is responsible [or the 
hetemgenetty amongst the venous G protems The neu- 
tr0phti G pr0tems are revolved m the stgnal tranu:luc- 
lion process through whtch the N.formyl p e p t a ~  
sttmulate neutrophd fupcnon [10] Intexactaon of chem- 
oattra~tant with N-formyl ~p t td¢  receptors actavm¢ G 
protems wluch appear to acttvate phosphohpase C 
[11,12l Hydrolysis of  phosphattdylmosatol 4,5-bts- 
phosphate (PIP2) results, yteldmg chacylglymol and 
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mosttol 1,4 5-tnsphosphate (IP3) Both products lead to 
the aetlvaUon of protein kanase C [13] Protein kmaBe C 
m turn phosphorylates proteins which may ehot the 
responses characteristic of neatroplul activation includ- 
ing superoxade p, oduetlon and degranulahon The per- 
tUSSlS toxan-sensmve G proton ~hich appears to be 
associated vath the N-formyl pept~de receptor has been 
purified and characterized [14,15] The a-subumt is 40 
kDa, tt can be ADP-nbosylated by pertussls toxin, and 
belongs to a farmlv of mtubttory G pro~.eL~.. " (G,~ Th,~ 
subumt has been suggested to be G,0~2 and has been 
cloned lrom a dtffereitttated HL-60 cell eDNA hbrary 
[16,t7] Recent reports demonstrate the erastence of 
other n~mtrophd GTP-bmchng protons with molecular 
w¢,ghts of 2~000 to 26000 wluch are not apparently 
assocmted with jS- and/or  ~ snhumts [18,19] These 
proteins could potenually play a role m the neutrophil 
signal transduetmn proces~ A 26 kDa GTP-bmdmg 
protein has been sugg~tcd to interact with the N-for- 
myl pepnde receptor [20] 

Previous work with the N-formyl peptlde receptor 
that had been covalently labeled has demonstrated the 
abthty of a number of detergents to effectively extract 
the receptor from neutroplui membranes [1-3.21] In 
mo.~t cases, detergent solubdtzatton was accompamed 
by the loaettvattnn nf ~hp nbdlty of t[~.e re~.ptol to bind 
hgand While digttomit has been shown to extract and 
preserve receptor m a form able to hind hgand, this 
detergent has a number of disadvantages for further 
purification and reeonstKutlon work It has been re- 
ported for a number of types of receptors that the 
presence of deice'gem can mlubtt hgand binding to the 
solublhzed receptor [22-24] Subsequent removal of de- 
tergent by reconstttutton into appropriate phosphohptd 
vestcl~ systems can result m recovery of receptor brad- 
mg acuwty Such a recoitslatutLon approach ha8 thus 
proveit extremely useful m purification and study of the 
receptors of the horrnone-sensattve adenylate cyclase 
syste," for exam0le [22-25] There have been few re- 
ports mvolvmg r~;onstltut~on of an achve N-form3'l 
peptide receptor ianctLon into systems suttable for fur- 
ther mvesUgatmns Hoyle and Freer [261 reported the 
reconshtutton of a Nomdet PM0 solubthzed and afflmty 
punfied receptor from HL-fi0 into hposomes, but fmled 
to characterize their methods or the recoitstttuted recep- 
tor tit any detail A recem report from Wdhamson et al 
[271 has described the reconstatutaon of the CHAPS- 
solubthzed receptor from rabbit Iteutroplnls m a func- 
tional form 

In order to develop a workable method for extrac- 
tion, reconstltutlon, and study of the N-formyl pepude 
reeeptot, we have taken the approach of opttmmmg the 
methodologms m order m obtain fully active receptor 
Aotwe receptor is defined as that form able not only to 
brad the N-formylmetluonyl peptlde hgand with ap- 
propriate affimty and speeLfielty, hut also to interact 

functionally with ~ts GTP binding protein signal trans- 
duetton partner In tbas paper, we describe methods for 
achieving this goal and eharaetenz¢ the reconstituted 
system in some detail 

Materials 

PhosphatJdylcholme (1-palmatoyl-2-oleoyl) was pur- 
chased from Avantl Polar Laptds Ine, Btrtmngham, AL 
Cholesterol wag nbtaLn.e A _ from qtgma 04ClPhosvhatl- 
dylehohne, [~sS]GTP'~S, ~2P-labeled NAD, 3H-labeled 
FMLP, and [a-~ZP]GTP were obtamed from New En- 
gland Nuclear l~I-labeled FMLPL-SASD hgand was 
prepared according to Allen et al [28] The detergents 
ug~l wore oetyl ghicostde from Calbtochem, d¢oxycho- 
late, eholat¢ and NP40 from Sig, ma, dagLtomn from 
(/allard-Sehles,.nger, and CHAPS from Pierce Low 
molecular weight protein standards were from Bto-Rad 
Labs Bordelella pertussts toxan was pure&zsed from 
List Biological Labs Inc Protein assay reagents were 
obtained from Pierce Other chemicals or reagents were 
the best available grades 

Methoas 

Preparatwn of neutrophd membranes 
Human blood was obtained the day of the prepara- 

tton from voluntary donors White blood cells were 
isolated from whole blood as desenbed [29], and the 
nentropbal content after JsolaUon was dvtcrmmed to be 
approx 85 [10% Purified Iteutrophils were DFP-treated 
at a final concentration of 2 5 raM, then disrupted by 
mtrogen eawtatlon at 4°C m the presence of addmonal 
protemase tnlub~tors, 2 mM PMSF and 20 lttg/ml 
chymostatm. The membrane fraction was isolated by 
differential sedimentation throush sucrose [30] Isolated 
membranes were washed with 25 mM Hopes (pH 7 5), 
0 25 M sucrose (HS buf f s )  and stored at - 7 0 ° C  ready 
for use 

.7~ecepZo~ and G protein exlractlon from membranes 
Membranes were incubated tot 30 man on lee with 1 

M NaCI m HS buffer, centnfused at 100 000 × g m a 
Beckman Ti50 rotor for 45 nun at 4"C, washed once 
with HS buffer, then resuspended at approx 5 mg/ml  
m the extraction buffer The sodmm chloride treatment 
removes approx 25-35~ of the total protein content 
from the membranes without slgmfleanfly reducing 
levels of [3H]FMLP binding Detergent extractmns were 
performed tn a final buffer solutaon containing 20 mM 
Hopes (pH 7 5), 1 mM NaEDTA, 0 25 M sucrose, 1 
mM DTT, 2 mM PMSF, 21) #g /ml  ehymostaUn, and 
250 mM NaCI The detergent was added last and m- 
cubattoit was for one hour on tee Prectpltable rnatenal 
was eenmfuged at 100000 x g m a Beckman Tt50 rotor 
for 50 nun The supernatant (detergent extraeO was 



33 

withdrawn and the remmmng material was washed on~  
with HS buffer, re*entnfuged, and checked [or the 
presence of remaining receptor by [3HIFMLP binding 
The detergent extract does contmn other membrane 
proteins besides the N-formyl peptade receptor and G 
proteins However, these addmonal proteins do not 
interfere with the reconstatutton or hgand binding 

Phosphohp~d.mlcelle formation 
Phosphatldylchohne (PC) and cholesterol, solublhzed 

m ethanol, were combined to give a hnai concemt,tam~ 
upon aqueous resusperts~on of 10 5 mg/nd and 1 05 
me/rid, respectwely The orgamc soDent was evaporated 
with nitrogen and the hptd was resaspended in buffer 
containing 25 mM Hepes (pI~ 7 5), I mM NaEDT~, 
250 mM NaC1, 2 mM MgCI~ s~th detergent added at a 
concentration equal to that used for the receptor extrac- 
tion from the membrane The macelles were incubated 
at room temperature for 30 mm and stored on tee untd 
11se 

PIwsphohpld veswle generatwa 
The detergent extract was added drop-wise to the 

preformed phosphehptd lmc¢lles at a hptd/protem ratio 
of approx 5 1 (w/w). and incubated on tee for 30 man 
The maxtttre was chromatographed over a Sephadex 
G-50-80 eolunm, 0 8 era × 21 cm [311 The void volume, 
pre.determmed with Blue dextran, and the hrst fractmn 
following the vo~d volume were collected and centri- 
fuged separately at 100000 × g  ~n a T~50 rotor for 3 h 
to concentrate the umlamellar vesmles The vesicles 
were resuspended m the detergent extlacUon buffer 
w~thout the detergent 

Receptor binding and G protein assays 
Membranes or vesicles were attded to a buffer solu- 

tmn contaimng a final concentration of 200 mM sodium 
phosphate (pH 6 8), 2 mM MgCi2, and O 9 mM CaCl 2 
[32] The binding aetavlty of the receptor wa.~ assayed at 
a saturating concentration of I20 nM [3H]FMLP (1 33 
10Scpm/pmut) The samples, assaytxl m duphcate, were 
nteubated at room temperature for 40 tmn Nonspectfic 
samples had a 1000-fold excess of unlabeled FMLP 
hgand added The stmmttwty of binding to guamae 
nuel¢oUde was assayed strmtarly, but ra the presence of 
5 - l0 s M GTPvS. Samples were fdtered o',er Mdhpore 
G F / B  glass fdtea,s and washed four tames with 2 rnl of 
cold 25 mM KH~PO, (pH 6 8), 1 mM NaEDTA, 100 
mM KC1, and 2 mM MgCI z Whatman G F / F  fdters 
were also tested and gave th ,~ same results as the What- 
man GF/B,  data not shown The filters were dried and 
counted m a hqmd scintalladon counter Bm&ng of 
[~zSIIFMLPL-$ASD was performed at 5 nM for 30 nun 
on ice, and subsequently exposed to an uRravm[et hght 
source to covalently crosshnk the hgand 1281 The buffer 
used for flus hgand binding was changed to 200 mM 

CHES (pH 90h 2 mM MgCt2, and 09 mM CaCI2 
SDS-polyacr~lamlde gel electrophorests [33] of tht~, re- 
ceptor-h~and complex m membranes and vesicles was 
used to visually detect and quantify the presence el the 
receptor after autoradtography 

The bmdmg of [~StGTPyS was assayed as described 
prewously [34] ADP-nhosvlatton was performed with 
pertussts toxin and [~P]NAD ac.oordmg to Bokoch et 
a[ [35] Deter.coon of the low-molecular-weight G pro- 
tons by the binding of [~x-~-~P]GTP was based on Bhal- 
l~r a".~ Haslam. [36] T~o ¢har, gc.~ - '~e  "a~d~ ,n ,,he 
procedure The specific aew, aty of the [~x-~2PIGTP usei 
was reduced to gflO Ci/mfflol and the protein ffltels 
were preblocked with 1% dry rmlk Western blotting 
was performed essentially a~ des~nbed by Towbm et ai 
[37] Anubody R16, 17 was utalmcd at a final dilution of 
1 200, the charactmazatton of tMs Gta-subumt one- 
body ts described in Ri.f 3g 

Electron mwroseop~, 
Vesicles were negatively ~tmned with uranyl formate 

and viewed under an electron rmcroscope to achieve an 
approx~maLIon of their ~lze and detect their umlamellar 
nature [39} 

Detergent extructwn of N-formyl pepnde receptor 
Detergent extracuons of neutroplut membranes were 

performed using a concentration of detergent shgbtlv 
above the critical rmcelle concentrataon, m order to 
nunlmlze the use of unnecessarily lugh detergem con- 
centrauons wbach may potentmally denature the morn- 
brave proteins dulang the extraeUon 140] Several differ- 
ent detergent concentrataons were mvestagated untd a 
maxhmum amount of receptor was extracted, a~ de- 
terrmned by [~H]FMLP binding to the posbextractaon 
pellet The optimum detergent concentrauons for var~- 
ous detergent~ were detern-uned and are hsted m Table 
I There ts a difficulty inherent m the ahme determina- 
tions The [~H]FMLP may not brad to receptor stall 
pfoscnt m the membrane winch has been denatured or 
'masked' by exposure to detergent "l'h~s can result in an 
overesUmat~on of the percentage of actual receptor ex- 
tracted This probtem was addressed by using 
[t2Sl]FMLPL-SASD to label membranes prior to extrac- 
taon The autoradlograms of the detergent extracted 
rccq3tor (supernatants) and noneatracted receptor (pel- 
lets) axe shown m Fig 1 The autoracb.ogran~ clearly 
illustrate deoxycholate and octyl glueomde as the deter- 
gents wluch extract the m m m u m  amount of receptor 
"Flus ~s mchcated by the large amount of covalently 
labeled receptor detectoa m the superaatam, lanes 2S 
and 68, with immmum amounts of receptor remmmng 
in the pellet, lanes 2P and 6P Qua.nutauon of MI lanes 
by laser scanmng densttonmtry allowed the determlna- 
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t]on of the peu:emag¢ of detergent-extracted re.¢.¢ptors 
hsted m I able 1 Only deoxyeholate and octyl glueostde 
extracted the same amount of receptor when assessed 
by both binding methodn The rematmng detergents 
show mgmftcanl dtscrtpancics between the two tech- 
tuques Th~s result suggest8 that these latter detergents 
eather cause denaturahon of N-formyl pepttde receptor 
gatlun the membrane or are able to prevent binding of 
hgand to the remaining membrane assocmted receptor 
and may therefore be less suttabl¢ for obtmmng actLve 
receptor 

The percentage of G protein extracted by the various 
detergents ts Mso hsted m Table I Deoxychnlate and 
octyl glucostde extracts contain the greatest amount of 
G protein Although ch01ate and CHAPS also have a 
comparable amount of G protein tn the extract, they are 
less effecttve m extracting receptor 

1S 2S 3S 4S 5S 6S 7S M 

97-  - ~  
66- 

43-  

31-  

21-  

Receptor meorparatton rote phosphohptd t~ezmles 
The vestele ~eneratmn process assessed using de- 

oxycholate-extraeted receptor,  prelabeled w~th 
[tz~I]FMLPL-SASD, ks shown m Ftg 2, The tmttal 
membranes, lane 1. show the presemee of the N-formyl 
pepttde receptor wbach rmgrates on the SDSLpoly- 
aerylatmde gel vath an apparent molecular mass o[ 
50-7n kDa The 1 M NaCI wash of the membranes, 
lanes 3, 4, shows no sngmftcant loss of the receptor by 
tins procedure The HS buffer rinses, lanes 5 and 7, also 
show an absence of receptor Most o[ the receptor from 
lane 4 was extracted by deoxycholate as seen m lane 6 
The receptor remaining m the pellet after deoxyeholate 
exuact-,on, lane 8. contains approx 10-ttmes the amount 
of gel loaded protein as lane 6, yet an almost equal 
band tutenstt~, Quant~tatton by laser scanmng 
densttometry mdmates that approx 12% of receptor 
remmns m the pellet and thus, 88% of the receptor ts 
extracted from 'he membranes m this experanent, The 
extract was zubsequenfly combined wath PC mtoelles, 
lane 9, and chromatographod on a Sephadex G-50 

TABLE I 

Percentage of N~/er~ylpept~de receptor and U protein extracted from 
neurrophd membranes 

1 0 0 t  r~pre..~nts what is h,u~ally present m the slartmg membranes for 
both proteins 

Detergent Percentage extracted 

[~H]- (t2~l]- [~S]- 
FMLP FtdLPL GTPyS 

l De.ox3~eholate ? 5 mM 9fi 95 ~9 
20~tyi glue.o*lde 35 mM 96 94 77 
3 NP40 30ram tJ0 79 dg 
4 Chelate 20 mM 60 51 79 

Dipteran 10~ 80 46 45 
O Dagttomn 0 5e~ 7g 30 25 
7 CHAPS 15 mM 75 24 7L 

M 1P 2P 3P4P 5P 6P 7P 

97-i ~ °~" ~"  ~' 

66-' 43- 
31_~. " - '  

FIg I Detergent extraetmns of neutt0pMI membranes labeled wtth 
[n~I]FMLPL-SASD, ~ descnbed m Methods (l) chelate, 20 raM, (2) 
deoxycholate., 75 mMl, (3) dtgllonm 10S (4) Npd0 30 mM (5) 
CHAPS, 15 raM, (6) octyl glo¢omde, 35 raM, and (7) &Su,0mr,, 0 5% 
Super'nat~t~ iS) and pellets (P) are shown on sc-paralc 11~ SD~-poiy- 
aerylanade gels wtth starting membranes (M) The N-formyl i~eptde 
receptor and ~ photoefhmty hgand ~¢ deleted o.~ the b~au rod~- 

labeled hand between $00¢~t and 70f100 [28] 

column Radtoaettve COuntS were recovered m the void 
volume, (Vo), the two s~,cceedmg fracttoaks after the vo, 
as well as m the elutaon volume, (the thtrd and subse- 
quent fracltOnS after the Vo) The elutton volume, lanes 
10 and 11, show the absence of receptor and represent 
free hgand The Ve, lane 12, shows the rceonstttuted 
receptor, wlmch elutes with the phosphohptd and GTP 
binding protein The first detectable loss m the reeon- 
stttutton prooess ooeurs here, wtth approx 50~ of the 
tmttal receptor not being recovered after passage over 
the column, although the column is preblocked voth 
bovane serum alburmn artd ¢luted w~th 250 mM NaCI m 
the Buffer Lanes 13 and 14 contam the two suoeecdmg 
fracttoxm after the Vo, respecttvely, and dlustrate the 
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1 2 3 4 5 6 7 8  
and  still no  de tec tab le  receptor  ts p resen t  in the: two 
f rac t ions  fo t lowmg V o lane 16 

"- { 
411 43-  

31-  

21- 

9 101112131416 16 

80- | ij 
43- 

Comparison o/" vdrlous detergents for  reconfftlutton of  
a¢lzue receptor 

T h e  c f fmacy  ok other  de te rgen ts  for  reeons t t tu t ton  
m t o  pho , ,phohp id  ,~estcles were  fur ther  mvestagated 
based  on  the d a t a  de rwed  f rom T a b l e  I Oetyl  glueostde 
C H A P S ,  a n d  N P 4 0  were  c o m p a r e d  to deoxycho la te  
The  C H A P S  a n d  N P 4 0  ext rac ts  p r o d u c e d  no  de tec tab le  
r cconsh  t u h o n  ba~ed on  [ ~ H ] F M L P  h g a n d  b inding .  Both  
deoxycho la t e  a n d  octyl  g lucos tde  d id  al low re¢onst.~tu- 
Uon of active N - f o r m y l  pep t tde  recep tor  which  b o u n d  
[ 3 H ] F M L P  The  oct3/l g lueostde a t  35 m M  produces  the 
highest  degree  o f  r ecep to r  rceons t t tu t ton  r a n g m g  f rom 
l 0  to 30% of  the  tmtzal receptor  v.ath a Wp~eal value  o f  
a p p r o x  22% Deox~cho la te  a t  7 5  m M  was no t  as 
effective in a l lowing  recep tor  reconst t tuUon,  wi th  only  
4 - 8 %  of  the  recep tor  rec0nsUluted  a n d  a 7% typical  
value N 0 n s p e c l h c  [ ~ H ] F M L P  b i n d i n g  m be th  de ter -  
gents  was  a p p r o x  5 - 1 0 %  of  total  b ind ing  a n d  was  
s u b t r a c t e d  frorq to ta l  bu ld lng  to d e t c n m n z  the  oereent  
of  reeonstttuttoa 

The percentage of dcoxycholale-extracted receptor 
and octyl glucostde-e~tracted receptor reconstituted rote 

31-  

21 -  

Fig 2 The steps In ph~phohpzd vesicle productmn ~¢~c assessed by 
followmg [t2SI]FMLP] .SASD eovalently labeled .~..epmr m |he sLart- 
mg membrams, as de~ nbed m Methods Appzox 17pg of membrane 
protein, bas¢¢ on startmg membrane protem corn entratmn ,s loaded 
per lane An 11~ SD4~pol.yac~larmde gel was used Lanes (l) tmttal 
membranes aRer - ' IOoC thaw and labelhng, (2) supematant after 
xtuttal membzan¢ ¢¢ninfugalton lo peLei (3) supematant after I M 
NaCI v, ask (4) membxancs a/ter l 1~4 NaCL wa.~h (5) ~upernatant 
aRer HS buffer nose, (6) alcoa)chelate dctcr~nt ¢atragLton (7 5 mMI 
of membranes, (7) supcrnatant of HS buffer pellet rinse after deter- 
Bert eat%action, (g) pellel remmrnng after detergent extraction (15) ~.:g 
proton loaded mstcad of 17 jig), (9) detergent extract plus PC rmcelle 
sample loaded on a Sephadcx 0-50-80 column, (10 and 11) tie*ton 
vokur~ fractions thud emd subsequent fracUons Mtcr the vo~d ~ ~lume, 
¢outamm$ non-covalently attached [t2~IIFMLPL.$ASD counls, (12) 
void volume ¢onlam.mg't,c~l¢les, (]3 and 14) first and .second |raet|ons 
after the vmd ~olame+ (35) void volume cenmtuged to con~nttate 
ves¢les, (16) f~st aad second fraeuom aftes the void volume com. 

absence  o f  receptor ,  Last ly ,  a f te r  ¢ c n t n f u g a u o n  to  con-  
¢ent ra te  the  vesicles, rmnmaal  loss o f  receptor  is seen for  
V o, l ane  15 ( 8 0 - 8 5 ~  recovery  o f  p h o s p h o h p l d ,  as  de-  
termmed with [3Hlpbosphattdylchohne (not shown)), 

97- 

60- 

43- 

DEQXYCHOLATE 

t 2 3 4 
T N T N T N T N 

3 1 -  

2 t -  

Fzg. 3 Deoxycholale exlt"acnon of the N-formyl peptu:le receptor 
from rteuttophtl membxanes and reconstttutz0n into phospFohpgi 
vcsa;l~ Poor to ¢lecttophor~lh [t~|~FMLPL SASD was covalently 
bound to all samples, as described m Methods Samples are (1) Vo 
fracnan, (2) Vo~ 1 fraction, (3) phosphobptd n~c~lles and (4) mem. 
branes T represents total btrghnK and N repre~nts nenspeezf~ 
bIn~n~ Appro• tO ~g or" prote~n a~e loaded per Lane on an 11% 

SDS-t~lyacrylams~ gel 
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OCTYLGLUCOSIDE 

1 2 3 4 
T N T N T N T N 

97-  

68-  

43-  

31- 

21- 

F,g 40ctSI gluc~stde extracutm of the N-formyl pepttde receptor 
'tea, a~ttophd membranes and re.¢oastaut~tm into phosphvhpld 

v~smles Methods and samples ate as des~abed for Fig. 3 

phosphollpld ve~tcles was also assessed using 
[12Sl]FMLFL-SASD and shown m Figs 3 and a, The 
receptor can be daarly sasuallzed for hoth detergents, 
lanes 1T and 41", c emonstratmg incorporation of radio- 
label rote vesmles and membranes, resp~ctivdy The 
first fraction after the void volume, lane 2T, and phos- 
pholtpld imc¢lles 3.1ode, lane 3"1", have no detectable 
receptor A 66 kD, k nonspe¢lfic binding protein is pre- 
sent m lanes 1 mid 4 This could be bovine serum 
albumin, wlueh can brad [~z~I]FMLPL-SASD and Is 
u~.thzecl m vm'lons methods described hero In addition, 
lane 4 contains a 24 kOa protein which may represent a 
degradation product of the receptor [41] An anomalous 
increase of [~25I]FMLPL-SASD binding in the presence 
of unlabeled hgand can also be seen for flus protein. 
Quantttatmn of the receptor by laser scamung com- 
pared the amount of active receptor reconstituted rote 
the vesmles to the lmual amount presem m the mem- 
brane Suralar to the [~H]FMLP data, tins amount was 
less for deoxycholate than for octyl glucoslde For de- 
oxycholate 6 9% of the receptor was r~onst~tute..d by 
assay with [t2Sl]FMLPL-SASD and 70% with 
[3H]FMLP On the other hand, for octy[ glucoslde the 
[txSI]FMLPL-SASD detected 18% reconstituted recep- 
tor compared to 31% for [~H]FMLP The two assay 
techniques thus demonstrated that the N-formy| pepude 
receptor carx be reconstituted wath retenuon of hgand 
omdmg activaty rote vesicles using both detergents 
Furthermore, the efficacy of oetyl glueostde ts approx 
3-fold that of deoxycholate 

Ph~swa/ propertws of  the phosphohpJd vesicle system 
The structure of the phosphohpld vehicles formed 

upon reconstRution of dcoxycholate- and octyl gluco- 
side-extracts was mvestagated by electron nucroscopy 
Fig 5 shows that the vesicles formed from both deter- 
gent extracts are umlamellar m nature wluch ts evident 
by the btaght ring around a dark interior The electron 
micrographs also indicate that the vesicles generated are 
not sealed These vesicles should allow access of the 
hgand to receptors which may be potennally facing the 
reside rather than the exterior Consequently, all aetwe 
receptor present can be detected Tlus was confirmed by 
performing bmdmg assays on vesicles which had been 
permeabfltzed w~th 0 005% ¢hg~tonm, levels of receptor 
detected were s~mdar to those found m untreated 
vesicles The approximate shzes of the vesmles were 
measured from other mtcrographs not shown here De- 
oxyoholate vesmles were larger than octyl glucostde 
vesicles having a range of  120 A to 3000 A compared to 
380 A to 1200 ~ Average values of approsanately 1100 
A for deoxycholate and 600 ~ for oetyl glucoslde were 
determined TMs raze estanate raised the posstbihty that 
the smaller vesicles tmght pass through the meshwork- 
type pores of the IVhlhpore glass fiber filters used m the 
[~HIFMLP binding assay, resultang m an underestima- 
tion of the actual bmdmg To examine this poss~bthty, 
vesicles were produced with [laelphosphat~dyleholme 
Filtration of the labeled vesicles allowed the passage of 
only 15-20% of vesicles through the fdters Thus, a 
mmanal amount of the vesicles escape detection 

Presence of  GTP binding proteins m reeonstltuted re.cycles 
The presence of G proteins in the reconstituted phos- 

phohpld vesicles was determined by several methods 
Fig 6 shows that the vesicles contain a B penuss~s 
toxin substratc which h a s .  molecular mass of 40 kDa 
smular to that found m the membranes This 40 kDa G 
protein ~x-subumt was also detected by anubody R16, 
17 whwah reacts voth "G,' a-mbumts,  as illustrated m 
the Western blot, Fig 7 This protein is hkely to ~epre- 
sent the major B eertUSs~s toxin substrate (G~) of 
neutrophds, winch is thought to interact with the N-for- 
myl pepttde receptor [14,15,38] The presence of G~ m 
the vesicles further ts vcnhed by the effect of GTPyS 
Addihon of GTPTS to the [~H]FMLP binding assay 
produces a large decrease m the hgand binding. For 
instance, the percentage of  reeonstttuted [ ;H]FMLP 
bmchng receptor by deoxycholate extraction was 8~ 
This was decreased to 0 3~g m the presence of GTPyS 
Similarly, for the octyl glucostde.extract [~H]FMLP 
binding of the reconstituted receptor was 31~ which 
was deb-a'cased to 0 8% m the presence of GTP3,S Thus, 
resembhng the effect in the membranes, GTPTS uncou- 
ples the G protein from the receptor shafting it to a 
low-affmlty binding state for hgand 
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Fig. :5 Electron rm~ogral~S o1" ph0el~atm~lfhohn¢ ¢estcles ncgattv¢ly stained vath uTeu~yl formate (A) Vesw, les pcepared w~h deoxycholale 
¢gtr",~:lS (7 5 I~M) of UetltfOphl] l R c m b ~  ~d  (B) ,¢e~oIes prepared wath o ~ |  g]uc~351de extras:Is (35 raM} 

In addtUon to O~, low-molecular-wetght GTP brad- 
mg proteins were detected m reconstttuted vesicle pre- 
parattons prepared using octyt glucoslde- or de- 
oxyycholate-extracted membraaes  Fig, 8 shows the 
presence of a [a-a2p]GTP-labeted doublet conststmg of 
the 24 kDa and the 26 kDa  pr0tems as prowous|y 
reported [181 

Funeuonal mteractwn o~ receptor w:th G protein(s) m the 
reconstttuted system 

A binding analysis of the N-fotmyl pepude receptor 
m vesicles and membranes, Fig 9, was performed to 
further characterize the properUes of the reconstztuted 
receptor The binding tsotherms inchoate that the recep- 
tor has s~milar equdibfium chssoclat~on constants m the 
naUve membrane (Kd ~ 2 nM) and m the reconsmuted 
vestfle ( / t  o =, 10 nM) The decreased binding afhmty of 

the receptor reco,lbtttut¢d taro the vestcles ts possibly a 
result of  exposure of the receptor to detergent and 
removal from the membrane environment to an artlfa- 
¢aal phosphohptd btlayer 

It is probable that the binding we measure represents 
the htgh-afflmty hgand-receptor-G protein ternary com- 
plex sm~¢ we arc uuhkely to detect the low-aff'tmty state 
of  the receptor represenung the form uncoupled from 
the G protein with the filtration assay uuhzed [5,6,10] 
Tins is indicated by the ab~hty of GTIa,/S to tnhtblt 
assayable [~H]FlVlLP binding to the reconstltute.d 
receptor The specfftc binding of [3I-I]FMLP assayed m 
deoxyeholate-extraeted receptor reconstRuted vesicles 
was reduced by 96~, and that m octy[ glucoslde recon- 
stituted veslc]es by 97~ m the presence of 5 10 -5 M 
GTPvS Tlus reducuon m blnghn8 was specific for 
guanine nucleottde Thus, as m membranes, the recon- 
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Ftg 6 ADP-nbosylauDn of phospholtptd ve~cles from sever~, dtffer- 
enl reCofisttturdom, tmmg 7 ~ mbt deox¥c~.olate-epttra¢led membrane..~ 
(Lanes "i_-4} al 20 #g membrane prolem per lane, and neutrophtl 
membrane~ (La~e 5) at 2 pg m the [xeseac~ of B pertttts~ toKtn The 

SDS.polyauryl~udc gel ~as l l ~  

sutute~d receptor lS able to funeUonally tnteraet va th  0 
protem to form the lugh-afftmty, guanine nucleottde 
sensttlVe ternary complex 

Discussion 

We have. developed a method for extractton and 
reconstttutton of functtonal N-formy[ pepUde receptor 

1 
200- 
100- 
67-  

2 3 4 5 6  7 8  

4 2 -  

2 8 -  

F,g 7 Western blot of neutroplul membranes at 10 V-g (2Z phos- 
phohpld ves~cl~ g~ctatefi from a deoxycholal¢ extract at approx 32 
pg a~a_d 36 pg, respectively (3 and 5}, aJ~d octyl ghtc~std¢ extrac~t e.t 
approx J2 pg and 36 #g, re~pechvely (4 and 6), and punfl~ bovine 
brain G, (7J at appr0x 1 ~tg Protein standards (1 and $) are marked 

o.o.. the gel An 117o SDS-polyacrylarmde gel was used 

2 3 

1oo-  "' " 
8 7 -  
42-  

2 9 -  

18- 

1 4 -  

Fi~ 8 Autora&ogteJn showing the pr~eO.ee ~r lnau molecular G 
proteins in neutrophd membranes (1), vesteles prepared voth 7 5 mM 
deoJ~yc..holate.-extracts {2), and. realties prcl~axr~d with 35 mM octyl 
$1ucostd~extritcts (3) A 15% SDS-polyacrylanude gel w'a.s loaded with 
apptox 15 ~g membrane protein m lane 1, and 30 pg of prt~tem m 
lanes 2 ~td 3 The 8¢1. was We~:em blotted arid probed w l O I  [OV'32p] ° 

GTP 

into undamellar  phosphohpld vesmles We have  utahzed 
~he criteria of mamta ln ing  both hgand  binding capabd- 
lty of  appropriate  a[fumty, as well as a b ~ t y  to interact 
with endogenous G T P  b m d m g  protein(s) as radices of  
Eeegptor integrity Utdtzan$ both functtonal assays and 
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FMLP ConcentratloR [ n M ]  

Fig 9 Binding of [3H]FMLP to the N-i'ormy| peptade receptor m 
neutroplul membranes, (Iotal, It  attd aompeclftc, [3), altd m octyl 
gly~s,de extract fc~.oqstlIUlf, d phosphobpld "vcarcles, (tolal, D, and 

nompeczfic O) 
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methods to physically detea:t receptor and G proton, we 
have venhed the presence of these components 
throughout the reconstttutton procedure and have 
deternuned recoveries of receptor at each ~tep 

Whale a number of detergents were t~ted for their 
ablhty to extract receptor and allow recovery of recep- 
tor function upon reconshtutton, only deoxycholate and 
octyl glucostde proved reasonably effective Wtlhamson 
et al [271 have solubthzed and reconstituted the recep- 
tor from rabbtt neutrop]uls osmg 1% (15 mM) CHAPS, 
although receptor recovery was not reported As shown, 
we had httle sueec~ with th~s detergent on the extrac- 
tion and reconstttutton of the N-tormy[ pept~de recep- 
tor from human neutropluls The rabbit receptor was 
present at 20 pmol /mg of membrane protein whale for 
the human receptor we measured a concmntratmn of the 
order of 3-4 pmol /mg of membrane protein Poten- 
trolly, the lasher coneentratmn of receptor allows for its 
stabllmaoon and reconstnutton from the rabbit neu- 
trophfls In additaon, Marasoo ct al [2] have extracted 
the N-formyl peptlde receptor from rabbit neutropblls 
utang 10 mM CHAPS They report only a 30-70% 
soluhihzahon of the imhal receptor present comparable 
to our value of 24% for 15 mM CHAPS In tins study, 
oetyl #ucostde gave optimal results, allowing the r~con- 
stnutton of approximately 3-fold more acuve receptor 
than did deox¥~holate Use of cctyl gtucoslde allowed a 
recovery tu the range of I0~ "o 30~ of the receptor 
tmttally present m the neutrophtt membranes m the 
final vesicle preparation, as assessed both by [3H]FMLP 
binding and [IZSl]FMLPL-SASD labehng. Correction 
for receptor losses during vesicle concentration and 
dunng filtratwn assays would increase the actual re- 
coveries by 20 to 40~ TMs eorrectmn for octvl gluco- 
side extraction produces a receptor recovery range of 
12~ to 42% wRh a typical value of 31~ Th~ compares 
vnth recoveries of 30 to 80~ reported for various other 
receptors reconstituted from crude extracts wnh com- 
parable methoddog~es [23,24,421 

The majority of the receptor loss appeared to occur 
dunn8 the 8¢1 filtratt0n step utdtzed for phosphohptd 
vesicle formauon Approximately a 50% loss of apphed 
receptor ~ e d  dunng tl~s procedure, even though 
the colunms were preequfltbrated wath 1% bovine serum 
albunun and elated m me presence of 250 mM NaCI 
W ~ e  ~ s  loss may be largely due to nonspe~fic brad- 
mg of receptor to a Sephadex column, tt may addmon- 
ally represent loss or tnaetwatton of receptor during the 
detergent r~oval-vestele formation process In ad- 
dmon, uncoupling of receptor from G protein may 
oCCur during the reconstttntton process This would 
perrmt mcorporatton of the receptor rote phospholtp]d 
vesicles not contmmng (3 protein, causmg an under- 
estmaatton of the amount or" actual receptor recovered 
after reconstitutlon, as assessed by [~H1FMLP binding 

assay 

The rccon~tltuted N-formyl pepttde receptor retains 
binding affm,ty comparable tO that of the nattve recep- 
tor It also shows the abzhty to functionally interact 
with G prvte,ns present m the vesicles It zs not clear at 
tlus ume whetl,~r this R-G eouphng actually occurs 
subsequent to r~consttru[ion into the vesicles or whether 
the R-G complexes preformed in the native membranes 
are maintained throughout the reconstttution procedure 
However, tt'e probability o[ a vesicle comammg both 
the N-formyl-pepttde receptor and G protein, if these 
proteins were not coupled throughout the econstttu- 
tlon would he 1 in every 250 vesicles for degxyeholate 
and l m e,,ery 600 vesicles for octyl giuco~ldc These 
low probabflmes would not predict the percentage re- 
o0n.~tltutton determined with the [3H]FMLP binding 
assa 3, The calculations are based on the concentrmlon 
or" N-formyl pepttde receptor and G protein determined 
m the detergent extract which can be reconstfluted, m 
addRton to the amount of phosphohptd used and the 
vc~mle ~lze determined by electron microscopy [431 We 
have also assumed that there arc no mteracuons be- 
tween the (3 protein or the N-formyt peptlde receptor 
whmb may he located ,n dd'fereut phosphohptd vesicles 

In summary, an m w t r o  reconstltuuon system has 
been developed which will allow the study of the N-for- 
myl pepttde receptor and G proteins Reconstflut,on of 
various subumts of the endogenous (3 proteins in ad- 
dttmn to other (3 proteins wdl proxadc insight rote G 
protem-N-formyl pepttde receptor mteracttons In ad- 
ottton~ future reconstnuttons of receptor, G proteins, 
phosphohpase C or other effectors will pertrat biochem- 
ical analys~s of the interactions o[ these substnuents and 
their role tn the overall process of neutrophal stamula- 
tlon 
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